uracil + PRPP -* UMP + pyrophosphate Although UPRT occurs in certain bacteria (3-5, 1 1) and some animal cells (9, 17), its presence seems to be quite restricted (7). The only evidence for its existence in plants comes from work with pea and wheat seedlings by Wasilewska and Reifer (24, 25) 
Although cytosine is metabolized slowly if at all by most organisms investigated, uracil and most other pyrimidines, purines, and their nucleosides can be converted into plant nucleic acids by so-called salvage pathway enzymes (10, 19, 21, 24) . (An extensive review of purine and pyrimidine metabolism in animals and microorganisms was published by Hartman (3-5, 1 1) and some animal cells (9, 17) , its presence seems to be quite restricted (7) . The only evidence for its existence in plants comes from work with pea and wheat seedlings by Wasilewska and Reifer (24, 25) 'This research was supported by Grant GB 36480 from the National Science Foundation. (13) . In the last two of these reports the product UMP was demonstrated, but no characterization of UPRT from plants has yet been described. We wish to report its separation from OPRT (EC 2.4.2.10) in pea seedlings, its partial purification, some of its properties, its distribution in various parts of the seedling, and its presence in several other species. propyl alcohol-HCOOH-H20, 7:1:2, v/v), IAW (isopropyl alcohol-NH4OH-H20 at 2 C allowed further purification of UPRT and its partial separation from OPRT (Fig. 2) . In fraction 7, a maximum UPRT activity of 3 Figure 5 . Data include two experiments for which the reaction was allowed to occur for 30 min, as usual (ordinate on right), and one for only 10 min (ordinate on left). The inset to Figure 5 shows reciprocal data for the lowest (10 min) curve, from which a Km value for uracil was calculated to be about 0.7 uM. Lindsay et al. (11) and Molloy and Finch (14) obtained values for bacterial enzymes to be 4 jLM and 7.7 l.M, respectively, while Kessel et al. (9) obtained far higher Km values of 5 mm for the mouse murine leukemic enzyme and 4 mm for the beef heart enzyme. The normal substrate for the last two enzymes appears to be orotic acid (9) . Figure 6 shows results obtained when the PRPP concentrations were varied from 3.1 to 100 ytM at a uracil concentration of 5.8 DIM. These and other data not shown indicate that the reaction rate was constant above 100 liM PRPP under these conditions.
MATERIALS
The inset to Figure 6 taken from data in the middle curve shows a reciprocal plot giving a Km value of 11 M for PRPP. Comparable values for enzymes from Lactobacillus leichmannii (5), mouse leukemic cells (17) , and Escherichia coli (14) were reported to be 44, 28, and 20 fLM, respectively.
Reversibility. Earlier results (4, 5) indicated that the equilibrium for the UPRT-catalyzed reaction strongly favors UMP formation from uracil, but we are aware of no data in which the Km has been calculated. We performed two experiments with [5-3H]UMP to determine whether the reaction is reversible, using the 30%o (NH4)2SO4 pellet as an enzyme source. Although the enzyme converted 3.4 nmol of uracil to UMP/mg of protein hr, no conversion of labeled UMP to uracil in the presence or absence of 167 ytM pyrophosphate could be detected after separation of UMP, uridine, and uracil in IFW and IAW. These results suggest little if any reversibility of UMP synthesis. They are therefore consistent with the data for adenine phosphoribosyltransferase, but not for OPRT (7) .
Presence of UPRT in Other Species. Two experiments were performed to determine whether UPRT exists in the shoot systems of other species, one involving 17-day-old, light-grown species and the other 10-day-old, etiolated plants. Data in Table I show large differences in activity in the species used. Light-grown barley and oat plants contained highest activities, while corn, the other monocot, displayed very little activity when light-grown and none when dark-grown. Most plants showed more activity when lightgrown, although tomato was a notable exception that contained Sephadex eluates of the (NH4)2SO4 fraction were used, as described in OPRT is considerably more active than UPRT, consistent with its participation in the de novo pathway of pyrimidine nucleotide synthesis. Although UPRT activity has repeatedly eluted from Sephadex G-150 columns at a position corresponding to a mol wt of about 100,000, there is a discrepancy in the behavior of OPRT. Data of Figure 1 suggest that OPRT is slightly larger than UPRT, but previous results from this laboratory with OPRT from cotyledons of Alaska peas (15) indicate that its mol wt is about 62,000. We cannot explain this difference, but wish to point out that Reyes and Guganig (17) found leukemia cell phosphoribosyltransferase activities for orotate, uracil, and 5-fluorouracil corresponding to a mol wt of 100,000 on G-150 columns of moderate size, but on a column with 3-fold greater area the apparent mol wt was only 55,000 to 60,000. They suggested that dilution on the larger column favored conversion to an enzyme form of lower mol wt. Shoaf and Jones (22) had earlier shown that OPRT from tumor cells behaves as though its mol wt is about 110,000 in sucrose gradients containing 30%o dimethylsulfoxide and 5% glycerol, but only 55,000 to 60,000 in the absence of these compounds.
Our data show that 5-fluorouracil and 6-azauracil can be converted slowly to their corresponding nucleotides by a phosphoribosyltransferase, but whether this is UPRT or OPRT was not determined. Others found similar PRPP-dependent conversions of 5-fluorouracil to 5-fluoro-UMP by enzymes from E. coli (3) and mouse leukemic cells (9, 16, 17) . Apparently, a single enzyme metabolizes uracil, orotate, and 5-fluorouracil in the mammals so far investigated, while bacteria seem to have separate enzymes, one acting upon orotate and the other on uracil, 5-fluorouracil, and 2-thiouracil (3, 1 1). Early studies with 6-azauracil in mammals and bacteria indicate that it is metabolized first to 6-azauridine by a phosphorylase enzyme dependent on ribose-I-P (23), rather than by a phosphoribosyltransferase. Both 6-azauridine and 6-azauridine-5'-P were formed when [2-'4C]6-azauracil was fed to cocklebur leaf tissues (18) , but those data allowed no conclusions about the initial anabolic reaction. The present results show that at least part of the 6-azauracil converted to the 6-azauridine-5'-P that inhibits RNA synthesis and OMP decarboxylation (26) in plants is metabolized by a phosphoribosyltransferase.
The normal role of UPRT is presumably to salvage uracil formed during degradation of pyrimidine nucleotides and RNA for synthesis of new pyrimidine derivatives. Because it was found in all of the angiosperms we investigated, its distribution might be widespread in the plant kingdom. There is also evidence for uridine phosphorylase in pea, wheat, barley, and Lathyrus tingitanus (13, 25) , so there are apparently two mechanisms for uracil salvage in plants. However, UPRT appears to be considerably more active than the phosphorylase, and the latter enzyme was undetectable in pea cotyledons (20) and in mung bean seedlings (1) .
